Purpose: To identify the associations between MetS and its components and chronic kidney disease (CKD) in a population with arterial hypertension (AH), or diabetes mellitus (DM) accompanied by the Primary Health Care (PHC). Patients and methods: A cross-sectional study with 788 individuals diagnosed with AH and/or DM followed by PHC of Viçosa, Brazil. Anthropometric, biochemical and clinical measures were performed for the diagnosis of MetS and CKD. MetS was identified using the NCEP-ATPIII criteria. CKD was identified by estimating the glomerular filtration rate using the CKD-EPI equation. Logistic regression models were used to estimate the chances of CKD associated with MetS and its components and specific combinations of components. Results: The prevalence of MetS reported in the population was 65.4%, that of hidden CKD was 15.4%. The prevalence of CKD among participants with MetS was 75.2%. The most prevalent component of MetS in the population was AH (96.7%). Elevated fasting blood glucose, central obesity, and reduced HDL-c were significantly associated with an increased chance of CKD (OR = 2.80, 95% CI 1.76-4.45, OR = 1.68, 95% CI, 05-2.71, OR = 1.61, CI 95% 1.03-2.50, respectively). For the multivariate adjustment, the participants with MetS were 2 times more likely to have CKD than those without MetS (OR = 2.07; 95% CI, 1.25-3.44). The combination of three components of MetS high blood pressure, abdominal obesity and elevated fasting blood glucose and the combination of four components of MetS high blood pressure, reduced HDL-c, high fasting blood glucose and abdominal obesity were associated with increased odds of CKD (OR = 2.67, CI 95% 1.70-4.20, OR = 2.50, CI 95% 1.55-4.02, respectively). Conclusion: MetS, as well as its individual or combined components were independently associated with CKD in the population with AH and/or DM accompanied by PHC.
Introduction
Metabolic syndrome (MetS) is an asymptomatic pathophysiological condition characterized by obesity, insulin resistance, arterial hypertension (AH), hyperglycemia and dyslipidemia. 1 It was first described by Reaven in 1988 , 2 whose study demonstrated that resistance to insulin-stimulated glucose uptake was involved in the etiology of non-insulin-dependent diabetes mellitus (DM), AH and coronary artery disease.
Even with all divergences regarding the diagnostic criteria and terminology used, the term SM is accepted in cases where the clinical condition includes multiple metabolic risk factors for cardiovascular diseases (CVD) and DM. Among the main comorbidities known and associated with MetS, most of the individuals present abdominal obesity and insulin resistance. These two conditions seem to be strongly related to the appearance of metabolic risk factors. 1, 3 Regarding the epidemiology of MetS, its prevalence in the United States of America adjusted for age was approximately 34.7% among the years 2011-2012. 4 The prevalence of MetS in Latin America was 21% between 2003 and 2005, ranging from 14% to 27%, according to the territories studied. 5 In Brazil, the prevalence was even higher, varying around 30% between individuals aged between 19 and 64 years in different regions of the country. 3 Previous studies have shown that MetS is a constellation of metabolic risk factors for cardiovascular disease (CVD), type 2 DM, and all-cause mortality. [6] [7] [8] All components that fall within the definition of MetS (hyperglycemia, elevated blood pressure, elevated total cholesterol, reduced HDL cholesterol, and central fat deposition) are also involved in the development of CKD. 9 However, to our knowledge, there are sparse data on the association between MetS and CKD in a developing country such as Brazil, especially in a population that is accompanied by PHC and has an AH and/or DM. Thus, the objective of this study was to report the associations between the presence of MetS, its individual and grouped components, and CKD in a population diagnosed with AH and/or DM accompanied by PHC.
Materials and Methods

Study Design and Population
A cross-sectional study based on a sample of the urban population of individuals with AH, or DM over 18 years old, accompanied by 16 PHC teams from the municipality of Viçosa, Brazil, from August 2017 to April 2018.
As inclusion criteria, participants should be 18 years of age or older, have an AH diagnosis and, or DM, be accompanied by PHC services and agree to participate in the study after due clarification. Pregnant women were excluded, individuals who could not move to the collection site (the PHC unit), individuals with a history of alcohol abuse and/or other drugs, who had severe clinical conditions that required specialized care or had a diagnosis of established CKD.
The sample was defined considering the reference population with AH and/or DM in the year 2017 of the municipality (6624 individuals), a prevalence of 50% of the phenomenon studied, 5% sample margin of error, 50% of the conglomerate effect, 10% of refusals and, or losses, 20% to control confounders and 95% confidence level. The sample calculation resulted in a minimum sample of 719 individuals. The final study sample consisted of 788 individuals.
Participants were selected using the two-step cluster sampling method. First, health units (territories) were selected, and then individuals with hypertension and/or diabetes were drawn from a list provided by the health service. The sample calculation was performed using the Statcalc program of Epi-Info ® version 7.2. 
Data Collection and Measures
The data were collected in the PHC units from August 2017 to April 2018. We used a semi-structured questionnaire with sociodemographic, clinical, lifestyle, and anthropometric data, blood pressure measurement, and conducting biochemical tests of blood and urine.
The definition of MetS used in this study follows the criteria of the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III). 10 Participants who had three or more of the five criteria were considered with MetS: a) waist circumference ≥102 cm for men and ≥88 cm for women; b) serum triglyceride ≥150 mg/dL; c) HDL-cholesterol <40 mg/dL in men and <50 mg/dL in women; d) Blood pressure ≥130/85 mmHg; and e) serum fasting blood glucose level ≥100 mg/dL. Treatment with antidiabetic, antihypertensive, or triglyceride reducing agents was considered as variables for the definition of MetS. Serum creatinine and albumin/creatinine ratio (ACR) were evaluated for renal function. ACR was used as a diagnostic tool to assess albumin excretion. An ACR ≥ 30 mg/g is recognized as a marker of renal damage and increased glomerular permeability, known as albuminuria. The CKD-EPI formula was used to identify the occurrence of CKD. To classify the CKD stages, the following criteria were applied: (1) Blood and urine samples were collected after 12 hr overnight fasting of participants. The biochemical parameters analyzed were fasting blood glucose, glycosylated hemoglobin, triglycerides, total cholesterol and fractions, phosphorus, calcium, serum albumin, estimated glomerular filtration rate and albuminuria. The collection and analysis of the biological material was performed in a single-accredited laboratory in the municipality of Viçosa, MG, using commercial kits. The techniques and the classification criteria of the values found were those of reference of the laboratory.
Blood pressure was measured by a trained professional with a mercury sphygmomanometer applied to the left arm, with the subject sitting in position. The BMI was calculated by dividing the individual's weight in kilograms by the square of the height in meters (kg/m 2 ). Abdominal obesity was defined according to the waist circumference equal to or greater than 94 cm in men and 80 cm in women and was measured with an inelastic tape measure at the midpoint between the iliac crest and the lower rib with the patient standing. The perimeter of the hip was measured in the largest proportion of the gluteal region with the participant standing, using an inelastic tape measure. The waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were calculated by dividing the waist circumference in centimeters by the perimeter of the hip and the height by centimeters, respectively. The reference values of the WHR are equal to or greater than 0.85 for women and 0.90 for men; for the WHtR the cut-off point is 0.5 for both sexes.
Statistical Analyses
Population characteristics were described using estimates of frequencies, means, medians, standard deviations, interquartile ranges and percentages according to the type of variable. To verify the associations between categorical variables by CKD status, we used Pearson's chi-square test. Continuous variables were tested for normal distribution by the Kolmogorov Smirnov test followed by the parametric (Student's t-test) or nonparametric (MannWhitney) according to the normality test result. For all tests, the significance level of 95% was set.
The MetS status, the presence of its individual components, and the number (1 to 5) of MetS components were determined. Multiple logistic regression models and 95% confidence intervals were used to estimate the chances of having CKD associated with the status of MetS, individual components of MetS, and number of MetS components when age, sex, and serum albumin were kept constant.
Participants who had one component of MetS were compared to those who had 2, 3, 4 and 5 components. Participants with MetS were compared to those with fewer than three components of MetS. We also evaluated the odds ratios for having CKD with 10 combinations of three components and five combinations of four components of MetS and compared with the odds ratio of participants with one component to determine the combinations with the highest probabilities, controlling for covariates. All analyses were performed in the SPSS program (Statistical Package for the Social Science, version 22; SPSS Inc. Chicago, USA).
Results
Characteristics of Participants and Comparison of Study Participants by DRC Status
Most participants were female (62.7%) with a median age of 62 years and most married or friendly (62.7%). The median level of education was 4 years of complete schooling. Other sociodemographic characteristics of the population studied are present in Table 1 .
Participants who presented CKD were older (median age 66 vs 62 years, p = <0.001) and reported to be ex-smokers or never smokers (p = 0.006). Regarding the biochemical characteristics, participants with CKD had a higher median glycosylated hemoglobin (6.5 vs 5.9 mg/dL, p = <0.001) and lower median serum albumin (4.4 vs 4.5 mg/dL, p = 0.001). They also had a higher mean WC (97.05 vs 93.18 cm, p = 0.001), higher median systolic blood pressure (136.0 vs 130.0 mmHg, p = 0.003), and fasting blood glucose (107 vs 97 mg/dL, 25-3, 44 ).
An increase in the prevalence of CKD was observed with the increase in the number of components of MetS (Figure 1) , however, the increase was not statistically significant. Table 3 shows the odds ratios for each of the 15 combinations of MetS components tested (10 combinations of three components and five combinations of four components). The result of the multivariate adjustment of the 10 MetS three-component combinations revealed that the highest associations with CKD were: 1) HBP+AO+HFBG -high blood pressure, abdominal obesity and high fasting blood glucose (OR= 2.67; CI 95% 1.70-4.20); 2) AO+LHDL+HFBG -abdominal obesity, low HDL cholesterol, and elevated fasting blood glucose (OR = 2.49, 95% CI 1.55-4.00); 3) LHDL+HTGL+HFBG -low HDL cholesterol, high triglycerides, high fasting blood glucose (OR = 2.34, 95% CI 1.43-3.82). By the multivariate adjustment of the five MetS four-component combinations, the combinations that presented the most significant associations with CKD were: 1) HBP+LHDL+HFBG+AO -high blood pressure, low HDL cholesterol, high fasting blood glucose, 
Association Between Combinations of SM and DRC Components
Discussion
Significant relationships were found between MetS, the presence of its components, the number of components, as well as the combinations of MetS components and CKD, regardless of gender, age, smoking, serum albumin, and calcium levels. The outcomes found in this study have important clinical and public health implications for two reasons: 1) the prevalence of components of MetS (high blood pressure, high blood glucose and abdominal obesity) is high in the Brazilian adult population 12,13 and; 2) data on the prevalence of MetS and CKD and the relationship between both in the Brazilian population are scarce and vary according to the criteria used. Thus, the present study contributes to the literature that documents the association between MetS and CKD among individuals who are at high risk of developing both. The prevalence of MetS found in the population that presented CKD was 75.2% and is considered high in relation to other studies that evaluated the prevalence of MetS in adults and elderly with CKD.
14, 15 The results suggest that among the population studied, MetS significantly increased the chances of the individual presenting with CKD. Multivariate models using the NCEP-ATPIII definition demonstrated that both the presence of MetS and its individual components, high fasting blood glucose, central obesity, and reduced HDL-c are independently associated with CKD in participants (OR = 2, 80, 95% CI 1.76-4.45, OR = 1.68, 95% CI 1.05-2.71, OR = 1.61, 95% CI 1.03-2.50, respectively). These findings are consistent with other studies conducted with the adult population 14, 16 that used the same diagnostic criteria for MetS. In MetS, visceral obesity is an essential component that induces the increase of lipolysis, increasing free fatty acids, decreasing the insulin sensitivity in the target organs, favoring hepatic gluconeogenesis and the synthesis of triglycerides, leading to the release of glucose in the chain and perpetuating insulin resistance. [17] [18] [19] Insulin resistance, a prominent feature of the MetS, can lead to progressive loss of renal function by worsening renal hemodynamics through multiple pathways, including sympathetic nervous system activation, sodium retention, and downregulation of the natriuretic peptide system 20, 21 .
Abdominal obesity is also associated with CKD, regardless of general adiposity and increased BMI. 22, 23 It is also associated with glomerular hyperfiltration 23 because it causes persistent efferent arteriolar vasoconstriction, which leads to glomerular hypertrophy to maintain normal p-values calculated by logistic regression; *statistically significant values. Abdominal obesity, defined by a waist circumference ≥102 cm in men and ≥88 cm in women; high blood pressure, defined as systolic blood pressure ≥130 mmHg, or diastolic blood pressure ≥85 mmHg, medical diagnosis and/or use of antihypertensive drugs; elevated plasma triglycerides (≥150 mg/dL) or treated dyslipidemia; low fasting HDL cholesterol (men <40 mg/dL and women <50 mg/dL) and high fasting blood glucose (≥100 mg/dL) or use of antidiabetic medication. Metabolic syndrome defined as having three or more of the following components: abdominal obesity, high blood pressure, elevated fasting blood glucose, high triglycerides and low HDL cholesterol. Abbreviations: OR, odds ratio; CI, confidence interval; HBP, high blood pressure; BHDL, low-density lipoprotein cholesterol; OA, abdominal obesity; HTGL, high triglycerides; HFBG, high fasting blood glucose.
GFR. Lee et al
24 demonstrated in adult and postmenopausal men and women that subcutaneous adipose tissue showed increased association with glomerular hyperfiltration. This association was explained by the increase in leptin levels that are released by subcutaneous adipose tissue. Pinto-Sietsma et al 25 demonstrated that a central fat distribution pattern seems to be important for renal impairment since renal abnormalities were associated with central body fat, decreased filtration and proteinuria regardless of BMI, hypertension, and glycemia. Differently from other cross-sectional studies [14] [15] [16] there was no significant positive association and a linear trend between the number of MetS components and the prevalence of CKD. However, although the odds ratio is significant only with 3 and 5 components of MetS, it is possible to observe the increase of its absolute value and the frequency of CKD with the increase in the number of components of MetS. Among combinations of three components of MetS, the combination of abdominal obesity, high fasting blood glucose, and reduced HDL-c showed the highest strength of association with CKD (OR = 2.67, 95% CI 1.70-4.20). Among the four-component combinations of MetS, the one with the greatest strength of association with CKD was the combination of high blood pressure, low HDL cholesterol, high fasting blood glucose, abdominal obesity (OR = 2.50 95% CI 1.55-4.02). Remarkably, high fasting blood glucose was in all combinations that had the highest chances of CKD. This pattern reaffirms the impact of diabetes on the risk of CKD among individuals in the study population. 1, 18, 26, 27 More studies are needed to explore these relationships, particularly in the Brazilian population with AH and/or DM. Considering the findings of this study and taking into account the increase in the prevalence of Noncommunicable Diseases (NCDs), the "Strategic Action Plan to Confront Non-communicable Chronic Diseases (NCDs) in Brazil, 2011-2022" 28 defines and prioritizes actions and investment needed to prepare the country to confront and detain NCDs over the 10 years. The objective of the Plan is to promote the development and implementation of effective, integrated, sustainable and evidencebased public policies for the prevention and control of NCDs and their risk factors and to strengthen health services for these diseases. 28 Thus, the National Kidney Disease Outcomes Quality Initiative (NKF KDOQI) guidelines recommend that subjects with AH and/or DM be screened for hidden CKD during regular clinical visits because studies have shown that when these patients maintain blood glucose and blood pressure under control the onset of renal disease is prevented or delayed.
29,30
Thus, PHC is of strategic importance in the follow-up and monitoring of these patients. Identify individuals with AH and DM, who are risk factors for many diseases such as MetS and CKD in their early stages and informing them of their condition, will help prevent the progression to cardiovascular diseases or end-stage renal disease. Unfortunately, data from the Brazilian Dialysis Census show that even with the estimated number of patients who began treatment in Brazil in 2016 being 39,714, there are large regional (and state) variations, so renal treatment rates may be underestimated. 31 Data from a study in the U.S.A. 32 that developed projections of incidence and prevalence of end-stage renal disease from population rates of obesity, hypertension, diabetes, age, and race revealed that population changes in age and racial distribution, prevalence of obesity and diabetes, and survival of ESRD will result in an increment of 11-18% incidence rate in the gross 2015-2030. Once again, the main link between the patient and his/her appropriate treatment is in PHC. The consensus paper 33 published in 2018 by the Working Group of the European Society for Hypertension, Diabetes, and High-Risk Patients and the European Association for the Study of Obesity revealed that obesity-related cardiovascular risk should be detected early on by health education in schools and communities. Also, the document emphasized the importance that proper management of overweight and obesity has about the reduction of financial and social costs for health systems and people. This study has many strengths. The first is the methodological rigor that reinforced the robustness of the results presented, strengthening the internal validity of the research and the ability to generalize its findings in the planning of health services not only in the investigated region but in other small and medium-sized Brazilian cities who have PHC coverage. A multi-stage stratified cluster-sampling procedure was also used to obtain a representative sample of the population followed by PHC in the Brazilian municipality studied, aged over 18 years. However, the study also has some limitations. Among the limitations of this study, we highlight the possible reverse causality bias inherent in cross-sectional studies, which restricts some of the associations found in that it is not possible to establish causal relationships between exposures and the outcome due to the lack of temporality between the occurrence of the events of interest. And, second, the presence or absence of CKD was calculated using the CKD-EPI formula which, while widely used and recommended, may not provide an exact estimate of GFR.
Conclusion
The study showed that MetS is prevalent in adults and the elderly with hypertension and/or diabetes mellitus. In individuals with CKD, MetS was highly prevalent. The individual components of high fasting blood glucose MetS, abdominal obesity, and reduced HDL-c, as well as the number and combinations of components, were independently associated with CKD. Critical combinations of MetS containing mainly high fasting blood glucose accounted for the greatest strength of association with CKD. The findings of this study highlight the importance of PHC in the early diagnosis of diseases such as CKD. It also highlights the need for prevention, targeted screening, and appropriate treatments regarding MetS components in adults and the elderly who already have risk factors in developing it.
